A significant reaction is reported between gold surfaces and an indium-gallium eutectic liquid alloy often used to transfer heat away from optical elements in high power synchrotron radiation beamlines. This reaction proceeds at the slightly elevated temperatures (70°C) typical of conservative bakeouts used to achieve ultrahigh vacuum in the chambers which house these optical elements (mirrors, gratings, and crystals) without damaging their highly precise figure and finish.
I. Introduction
For the last decade or so, liquid indium-gallium eutectic alloy has been used as an efficient heat transfer medium from optical elements (e.g. mirrors, crystals, and gratings) to water-cooling blocks in the ultra-high vacuum environments of synchrotron radiation beamlines. The eutectic is gallium-rich (Ga 75.5%, In 24.5%), melts at 12 1 15.7°C, and has a negligibly small vapor pressure (-10 Torr at 300°C) . Successful implementation of cooling schemes using this alloy requires that InGa not interact significantly with the surfaces it contacts. For example, aluminum is a very poor choice of mirror or cooling block material because the gallium in these alloys is known to react rather strongly with aluminum via grain boundary diffusion at room 2 1 temperature and above . In 1983, Hunter and Williams demonstrated the dramatic extent of the Ga-Al reaction, which extends to a depth of 2.5mm below the aluminum surface, causing severe embrittlement: the surface turns to a grayish powder and flakes away. Hunter and Williams reported the results of a multi-year study of the interactions of these indium-gallium eutectic alloys with a variety of different metal surfaces, at room and elevated (300°C) temperatures. In addition to the strong Ga-Al reaction, the conclusions of their study were as follows: (1) The slight reaction of these alloys with Cu-Be, brass, Si, Ag, and Mg is most likely slow enough that their use with these metals is acceptable. That is, they don't significantly diffuse aways from tbe contact area, either laterally or into the bulk material. (2) The Ga-Cu reaction is stronger than with the metals listed above, so contact between InGa eutectic alloy and copper is not recommended. (3) No measurable interaction was fuund between InGa eutectic alloys and W, 304 S.S., Ni, graphite, pyrolytic carbon, Ge, Invar, SiC, B, Pb, Pt, or Rh.
II. Mirror results and discussion
The purpose of this note is to report the existence of a rather strong reaction between InGa eutectic alloy and Au at approximately 70°C both in ultrahigh vacuum As shown in Fig. 1 , the surfaces of the horizontally-deflecting MQ mirror segments suffered only minor diffusion of Ga across the mirror surface, extending at most -5mm from its starting location at the edges of the mirror surface. This diffusion occurred during the initial 70°C bakeout of these mirrors and chamber, which lasted for approximately two days. Fig. 1 shows the maximal extent of the Ga-Au reaction for the amount of Ga in the system, because subsequent bakeouts (at 70°C) have not expanded the reacted surface area. On the other hand, -25% of the surface area of the vertically-deflecting M, mirror, shown in Fig. 2 , is covered by Ga-Au reaction product, which extends completely across the width of the minor in a couple of places.
Since no greater thickness of the InGa layer was used for M, compared to Mg (and the bakeout temperature was the same), it must be concluded that orienting a mirror surface perpendicular to gravity (mirror surface in an horizontal plane) enhances this -4-reaction.
Mirror M. has been subsequently stripped and recoated with Pt, and the thermal contact is made with a thin indium foil rather than InGa alloy. This conservative treatment may not be necessary, since the Ga-Pt reaction has been shown to be negligible .
During the stripping process, the entire Ga-Au reaction product (Ga-Au alloy) lifted from the SiC substrate as a film, indicating that the full thickness of the Au coating (900A) was reacted with Ga in the affected regions of the mirror surface.
III. Test slide results and discussion
In order to understand the nature of the Ga-Au reaction, three Au-coated (400A thickness) glass microscope slides (1/2" x 1/2") were subjected to the following treatments:
Treatment 1: a drop of InGa alloy was placed near the middle of a slide and baked to 75°C in vacuum (~10* 3 Torr).
Treatment 2: same as treatment 1, except the vacuum vessel was backfilled to approximately 600 Torr of dry nitrogen before baking.
Treatment 3: a drop of InGa alloy was placed near the middle of a slide and allowed to sit in air at room temperature.
For this study, the orientation of the slides relative to gravity was not varied: all three slides were kept in an horizontal position.
The treatment 1 slide began to expand after one hour at elevated temperature (75°C) and continued to expand for the next two days, at which point the heat was turned off. The original drop of InGa alloy had expanded to a diameter of 12mm, nearly covering the microscope slide. The treatment 2 slide began to expand sometime within the first three hours at elevated temperature (75°C) and continued to expand for the next three days, at which point the heat was turned off. Again, the drop of InGa A somewhat different and more instructive situation arises around a small -6-droplet of InGa alloy which was inadvertently deposited in a region of the treatment 1 slide which was destined to lie outside the maximum extent of the expanding InGa puddle. The CEM photograph of this droplet after being subjected to treatment 1 is shown in Fig. 4 . The edge of the large InGa "puddle" can be seen at the top of this figure. The region outside the oval-shaped rings is unreacted Au layer, while the dark region surrounding the odd-shaped bright features in the center of the oval shows mainly glass substrate (Si,Ca) x-ray emission lines, binder (Cr) lines, and a small fraction of unreacted alloy (In.Ga) lines, identical to the dark region in Fig. 3 . The concentric oval-shaped rings which surround the odd-shaped bright features and the dark region can be observed, apparently, because the amount of InGa in this droplet was small enough that it did not expand to cover its own reaction front. X-ray elemental analysis of these rings show that they consist of Ga and Au, probably as an alloy reaction product; only a small fraction of substrate lines are observed, and there is no reaction zone shows Ga and Cu emission lines but no indium lines, which indicates that, as for gold and aluminum, the InGa-Cu reaction is dominated by the Ga-Cu reaction.
V. Conclusions
InGa eutectic alloy is an ideal thermal transfer medium in ultrahigh vacuum environments, except for the reactive properties of its Ga component The list of unacceptable mating materials has now been increased by one (Au), and the list of acceptable materials has been reiterated (see Introduction). Of course, any materials not on these lists that might come in contact with InGa eutectic alloy should be checked for unacceptably strong reaction before use.
